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We have previously dcuouatratcdl a useful synthetic route to tetra-

nuclear mixed-metal clusters of the Fe-Ru-Os triad by the addition of

carbonylmetalates to closed metal carbonyl trimers. For example, addition

of l'l(CO)‘lz- to Ru20-(C0)12 and luOsz(Co)12 gave the trimetallic clusters

H,FeRu,08(C0), , and H,FeRu0s,(CO) ,, eq. 1.
Ru., Os (CO) : H,FeRu.0s (CO)
2 2y Na,[Pe(CO0),] —sod ——5o? . 13w

We are currently evaluating the scope of this synthetic approach by
varying the nature of the carbonylmetalates and the metal trimers. Tetra-
carbonylcobaltate has been found to work well in these reactions, and we

report herein the synthesis and characterization of the new clusters
HCoRu, (C0), 4, HCoRu,08(CO),,, HCoRuOs, (C0), 5, HCoOs,(CO) ,, IComs(oo)n]'.

and products tentatively formulated as lCoPQRuz(CO)lJ]-. and [Co?ezln(CO)IJ]-.
Details concerning the preparation of lCoPe3(CO)13]-. a cluster previously

prepared by Chini and couorkcrl.z are also given.
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Experimental

COZ(CO)a. ln,(co)lz. 0.3(00)12. and [PPN]Cl were obtained from Alfa

Ventron Corporation and were used without further purification. PQJ(CD)IZ.3

4

rczlu(CO)lz. Pelnz(co) ’ RMZOO(CO) S and RnOoz(Co) 3 were prepared

12° 12° 12°
according to published procedures. Tetrahydrofuran (THF), hexane, and
1,2-dimethoxyethane were dried by distillation from sodium benzophenone
ketyl or Caﬂz under “2‘ MeOH and EtOH were dried by distillation from
H.(Oﬂc)z and Hg(OEt)z. respectively, 2-ethoxyethanol by distillation from
H;SO‘ and CH2C12 by distillation from PAO10 under "2' All other solvents
vere used as obtained. Solutions of the reactants were prepared in an
Iz-fillod dry box, and all reactions were carried out under an N2
atmosphere. Unless otherwise stated, the inert atmosphere was maintained
up to the point of the first hexane extraction following acidification.
Chromatography was conducted on silica gel using the low-pressure chroma-
tography apparatus previously ducribed.1 For air-sensitive compounds,

the silica gel was deoxygenated by passing *1 L of dried, deoxygenated
solvent through the column prior to chromatography of the reaction mixtures.

The fractions were collected under N, in Schlenk flasks and the solvent

2

vas removed by evaporation under vacuum.

Preparation of K[Co(CO)él,SOIutlom.6 Approximately l-mlL of NakK

alloy (1:2.8) was added by syringe to a 75-mlL THF solution of Coz(CO)a
(0.1 g, 0.29 mmol). After stirring at 25°C for 3 h the solution was
faint purple or blue in color with a suspended grey precipitate. The

solution was then filtered under an Nz atmosphere using Schlenk techniques

to obtain a colorless or occasionally pale-yellow solution of K(Co(OO)‘].




This K(Co(CO)‘] solution was used immediately in the reactions described
below and no attempts were made to isolate solid K[Co(CO)‘l.

Preparation of |PPN||CogC0!||. This salt was prepared by an adaptation
of the literature procedun.7 A 75-ml. THF solution of Coz(co)8 (1.7 g,
5 mmol) was reduced with 2 mL of NaK alloy and filtered as described above.
Addition of [PPN][Cl] (5.193 g, 9.04 mmol) in 50 mL CHZCI2 to the filtrate
gave a light-green precipitate which was isolated by filtration. Recrystal-
lization from C82C12/!t20 gave light-green crystals of lPPN][Co(CO)‘]
(4.456 g, 6.28 mmol).

Preparation of HCoRu.,(CO « 1. A 60-mL THF solution of Ru.(CO)
13 3 12

(100 mg, 0.156 mmol) was added dropwise over a 30-min period to a refluxing
and stirred 60-mlL THF solution of KlCo(CO)‘] (by reduction of ~ « g, 0.29 mmol
of Coz(CO)s). After heating for an additional 2 h, solvent was removed
from the resultant deep-red solution by evaporation under vacuum. 60 mL
of deoxygenated hexane was then added followed by 40 mlL of a deoxygenated
202 aqueous H,PO‘ solution. The acid layer was extracted with 60-mL
portions of hexane (360-al total) until colorless. The red hexane solution
vas dried over anhydrous MgSO,, filtered, concentrated, and chromatographed
on silica gel. With hexane as the eluent at 50 lbs column pressure, a yellow
band containing ln:‘(co)‘2 wvith a trace of szu‘(co)lj and a brown band of
IICOIIA3(CD)13 (72 mg, 63X yield) eluted in that order. The pure compound
vas obtained as slightly air-sensitive red microcrystals by evaporation of
solvent. Anal. Calcd. for BCOIns(CO)IJ: C, 21.47%; H, 0.14X. Found: C,
21.42%; H, 0.14X (Galbraith Laboratories).

2. 50-60% yield of llColnj(CO)13 can be obtained without chromatography

by first washing the n,ro‘ acidified reaction mixture (see above) 2-3 times
vith hexane to remove remaining lu,(cn)lz and Co‘(CO)lz. followed by




extraction of the acid layer with several aliquots of benzene. After drying
the benzene extract with HgSO‘. evaporation of solvent leaves a red
crystalline mass of pure HCoRuJ(C0)13.

Preparation of HCoRu20|§COZIJ nnd”ﬁCoRuOszgcozlj. A 60-mL partially

dissolved THF solution of the ““20"00)12' RuOnz(CO)lz. Rn3(C0)12. and
0-3(C0)12 llxturcs (614 mg combined weight, 193 mg of RnZO.(CO)lz. n217 mg
of Ranz(CO)lzs) was added dropwise over a 25-min period to a stirred,
refluxing 100-ml. THF solution of K(Co(CO)bl (by reduction of 0.6 g, 1.76 mmol

of Coz(CO) Heating was continued for an additional 2 h and work-up of the

g
resultant red solution was similar to that described above for HCoRuj(CO)ls.
except that the reaction mixture was extracted with benzene. Benzene was
removed by evaporation and the residue redissolved in hexane. Chromatography
on silica gel with hexane as the eluting solvent yielded in order of elution
a yellow band of the unreacted trimer mixture, a dark-brown band consisting

of a‘o-‘(co) Ouj(co)lz. and Co‘(co)lz. a brown band of RCoInJ(C0)13. a

12°
dark-orange band of HCoRuzon(CO)ll. and an orange band of HCoRuO.z(C0)13.
Relatively pure compounds were obtained by simple evaporation of the solvent
from the respective fractions giving moderate yields of HCoRuzot(CO)13

(83 mg, 38%) and HCoRuOsz(CO)13 (59 mg, 25%).

Preparation of [rr311Conu]gc0213J. A solution of Ruj(CO)12 (105 mg,

0.154 mmol) and [PPN](Co(OO)‘) (109 mg, 0.154 mmol) in 125-mlL dried,
deoxygenated THF was refluxed for 2.5 h under Nz during which time the color
changed from yellow to dark red. Evaporation of THF gave a red solid which
was dissolved in 60-mL dried, deoxygenated 8:20 and recrystallized by slow
diffusion of hexane into the ltzo solution under vacuum to give 64X yield

(124 mg) of [PPN][Colnl(CO)lsl. Anal. Calcd. for [PPN][CORH;(C0)1312 c,




46.53%; H, 2.40%; Ru, 23.97X. Found: C, 46.55%; H, 2.38%; Ru, 23.65X

(Alfred Bernhardt Analytical Laboratories, Engelskirchen, West Germany).

Preparation o(#lPPNl[Colezkn(CO)lsl. A solution of [PPN][Co(CO)al
(87 mg, 0.122 mmol) and Fczltu(co)12 (67 mg, 0.122 mmol) in 50-mL freshly
dried, deoxygenated THF was refluxed under Nz for 2 h during which time the
color changed from purple to deep red. Evaporation of THF gave a brown solid
which was dissolved in Etzo and recrystallized by slow diffusion of hexane to
give a 16X yield (24 mg) of impure [PPN)[CoFezln(co)l3]. Anal. Calcd.
for [PPN][CoPQZRn(CO)IJI: C, 50.11%; H, 2.58%; Fe, 9.51Z; Ru, 8.60X.

Found: C, 46.88%; H, 2.57%; Fe, 5.75X; Ru, 8.99X (Alfred Bernhardt).

Preparation of [PPN}[CoFeRuz(CO)l3l. A solution of lPPN][Co(CO)b]
(53 mg, 0.755 mmol) and FeRuz(co)lz (45 mg, 0.757 mmol) in 75-mlL dried,
deoxygenated THF was refluxed under NZ for 1.25 h during which time the
color changed from light red to dark red. Evaporation of solvent gave a
brown solid which was dissolved in 20-ml dried, deoxygenated 5:20 and
recrystallized by slow diffusion of hexane under vacuum to give 47X yield
(43 mg) of slightly air-sensitive red-btrown crystals of impure [PPN]
lColcRuz(CD)ljl. Anal. Caled. for (PPN][Co?eRuz(CO)IJI: C, 48.25%; H,
2.48; Fe, 4.57X; Ru, 16.57%. Found: C, 46.92%; H, 2.57%; Fe, 3.62%; Ru, i

14.692 (Alfred Bernhardt).

Preparation of [PPNl[CoFc]gC0213J. A solution of [PPN][Co(CO)bl
(251 mg, 0.495 mmol) and Fes(CO)12 (250 mg, 0.496 mmol) in 125-mL dried,
deoxygenated THF was stirred under N, for 22 h at 25°C during which time

the color changed from dark green to red-purple. Evaporation of solvent

gave a black solid which was recrystallized by dissolution in 80-mL dried,

deoxygenated Et,0, leaving a brown impure lPPN][Co(CO)‘] residue, and slow

diffusion of hexane into the solution under vacuum to give an 18X yield




(104 mg) of black, slightly air-sensitive crystals. Anal. Calcd. for
[PPN][Coch(C0)13]: C, 52.12%; H, 2.68%Z; Fe, 14.84%; Co, 5.22X. Found:
C, 52.04%; H, 2.85%; Fe, 14.72%; Co, 5.08% (Alfred Bernhardt).

Spectral Measurements. Infrared spectra were recorded on a Perkin-

Elmer 580 infrared spectrophotometer using 0.5 mm NaCl solution infrared
cells. These cells were sealed with serum caps and purged with N2 in order
to record the spectra of air-sensitive compounds. Values reported are
accurate to +1 cn-l. Electron impact mass spectra were obtained using an
AEI-MS9 spectrometer with a source voltage maintained at 70 eV. The

probe temperature varied between 100-200°C depending on the cluster

examined. NMR spectra were obtained using a JEOL PS-100-FT Fourier transform

spectrometer. Electronic absorption spectra were recorded on a Cary 17

spectrophotometer using 1.0-cm path length quartz cells.

Collection and Reduction of the X-ray Data for lPPN]lC°R”3SEQLI3l°
Dark-red crystals of lPPN][CoRuJ(CO)lll were grown by slow evaporation of
solvent from a saturated Btzo solution of the complex. The irregularly
shaped crystal selected for analysis had maximum dimensions of 0.4 x 0.3 x
0.2 mm. [t was mounted in an arbitrary orientation on a glass fiber which
was then fixed into an aluminum pin and mounted onto an eucentric
goniometer. Diffraction data were collected on an Enraf-Nonius four-
circle CAD4 automated diffractometer controlled by a PDP8/a computer coupled to
a PDP 11/34 computer. The Enraf-Nonius program SEARCH was employed to
obtain 25 accurately centered reflections which were then used in the
program INDEX to obtain an orientation matrix for data collection and to
provide cell dll-nslonl.9 Pertinent crystal and intensity data are

listed in Table I.




A graphite crystal incident beam monochromator was used with MoKa

radiation and data collected at a takeoff angle of 2.80°. A 8-26 scan
method was used with a variable scan rate ranging from 20°/min for the most
intense reflections to 1°/min for the weak ones. The angular scan (w)

width was variable and amounted to 0.6° below 28(MoKa) and (0.6 + 0.347

tan 6) above 28(MoKa). High and low 27 backgrounds were each scanned for

25% of the total scan time. A total of 8964 unique reflections were
collected out to 28 = 50°. Of these, 6150 had intensities with 1 > 3.0 o(D)
and were considered observed. (Here (1) = (Sz(c + nzs) + (;31)2]1/2 and

I = S(C~-RB) where S = scan rate, C = total integrated peak count, R = ratio
of scan time to background counting time, B = total background count, and

p = 0.02). These data were corrected for Lorentz and polarization factors

and were used in the subsequent refinement of the structure.

Solution and Refinement of the Structure. Of the two possible triclinic

space groups, Pl and Pi. the latter was arbitrarily selected for the initial
trial solution of the structure. The successful refinement of the structure
using this space group indicated that this choice was correct. The Co and
three Ru atoms were located from a 3-dimensional Patterson map, and the
coordinates of the remaining 65 non-hydrogen atoms were located by successive
least-squares refinements and difference Fourier maps. Several cycles of
least-squares refinement with anisotropic temperature factors for all 69
non-hydrogen atoms reduced R to .036 and R, to .044., The residuals are

defined as follows:

R = (| |r |-r I D/lr |

P 2,1/2
R, * [Iv(l!°|-lrc|) /Lvlloll




L P

10

An ORTEP drawing which shows the atom numbering scheme for the
ICoRu3(Co)13]- anion is shown in Figure 1 and a stereoview of the anion
is given in Figure 2. Final positional and thermal parameters are listed
in Table 1I. Relevant bond distances and bond angles are set out in

Tables III and IV. A listing of the observed and calculated structure

factors is given as supplementary material.
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Results

General Synthetic Approach. As previously deucribed,l our appraoch to

the synthesis of a particular tetranuclear cluster is to add an appropriate
carbonylmetalate to an appropriate closed metal carbonyl trimer. For
example, [CoRu,(CO)l3]- is synthesized by the addition of lCo(C0)4]" to

. - ]
RuJ(CO)lz. s 2

RuJ(CO)12 ¥ [Co(C0)6] + [CoRu 13]

(CO) + CO (2)

3
This particular anion can either be isolated as its PPN+ salt or protonated
to yield HCoRu3(CO)I3. The synthesis of each of the hydride clusters
described below was carried out in essentially the same manner. A THF
solution of the trimer was added dropwise to a freshly prepared, refluxing
THF solution of K[Co(co)6] under an KJ atmosphere. After heating, the THF
was removed by evaporation under vacuum . The resultant residue was then
acidified with HlPO‘ and extracted into hexane or benzene. Extract solutions
were dried over anhydrous MgS0,, concentrated, and then chromatographed on
silica gel. Specific details concerning reaction times, yields, and
chromatography are given in the Experimental section.

The experimental procedure for the synthesis of each of the anionic
clusters was similar. A dried, deoxygenated THF solution of [PPN](CO(CO)‘]

and the appropriate trimer was refluxed under an Nz atmosphere. The THF

was then removed by evaporation under vacuum and the resultant solid dissolved
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in the minimum amount of dried and deoxygenated z:zo. Any unreacted ]
lPPN]lCo(CO)bl is insoluble in 3:20 and remains behind as a tan residue.

The cluster was then recrystallized by slow diffusion of hexane into the

a:zo solution.

0Of the various spectroscopic techniques used to identify the products
of the reactions, the most useful were infrared and mass spectroscopy.
Previously described clusters were identified mainly by comparison to their
reported infrared data. Infrared, electronic absorption and lH NMR data for 3

the new clusters prepared in this work are set out in Tables V and VI, respec-

tively. Mass spectral data is summarized in Table C (Supplementary Material).

Preparation of “COR“3S§9113' The synthesis of HCoRu3(CO)13 was
accomplished by allowing K(Co(CO)h] to react with Ru3(c0)l2 in refluxing

THF solution for 2.5 h followed by protonation with H PO“. eq. 3.

3

ICD(CO)I.] P Ru3(CO)12 ”‘Tr—HF-’(CORu’(CO)XJ] WHCORHJ(CO)IJ (3)

This reaction produced the desired HCoRuJ(CO)13 in 63X yield along with a
trace of H‘Rn‘(co)ll as the only other product. A significant amount of
Ru.,(CO)12 was also recovered. The new cluster HCoRuJ(CO)13 was characterized

by its spectral data and by chemical analysis. Solid samples of llCoRuj(CO)13
decompose over a period of weeks when stored under "2 at room temperature.
Decomposition is accelerated upon exposure of samples to air. Even in dried,
degassed isooctane solution, decomposition sets in within minutes and is
apparently complete within 2-3 days. The only decomposition product

posttively fdent it fed 1w Ra ’(('ﬂ) evomposition Is complete within

12°
minutes upon exposure of solutions to CO, giving Rn3(c0)12. Ru(OO)s. and

Coz(CO)a as productl.lo
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Preparation of [PPN][CoRu,(C0) ,|. The [CoRu,(C0) ,]" anion was
obtained in 64X yield as its PPN salt by allowing [PPN]lCo(CO)él to react
with Ru3(CO)12 in refluxing THF solution for 2.5 h followed by recrystal-
lization from Btzolhexane.ll Unlike uuuuuj(CO)l]. lPPN](CoRul(CO)‘sl
appears to be indefinitely stable in air in both the solid state and in
solution. All attempts to convert (PPNllCoRul(CO)IJ] into HCuRu3(CO)n
by protonation with H. PO, failed.

34
Preparation of "C°R°29!S99113 anq.NCoRuOtz(CQ)l3. To synthesize

HCoRuIOs(CO)13 and RCoRuOcz(C0)13. we allowed KlCo(CO)‘l to react with the
Rul—. Ruzoa-. Ranz-. and 033(60)1, trimer nixturcs's in refluxing THF

for 3.5 h followed by protonation with NJPOA. eq. 4.

Ru 08 (CO)

2 & 12 & ICO(CO)él- -..‘:)-L_}"-—L" E———
\ THF H_ PO
RuOs  (CO) 3 4
2 12
HCoRuZDs(CO)l] + BCoRuOsz(CO)l] (4)
(38%) (252)

This reaction also produced a small amount of HCoRuJ(CO)lj. and a significant
amount of the trimer mixture was recovered. The stabilities of HCoRuZOs(CO)lJ
and NCoRanz(CO)13 parallel that of HCoRuJ(CO)x3. described above. These
clusters were principally characterized by their mass spectra, Table C,

which showed parent fons at the correct m/e values with the expected isotopic
distributions and also fragment fons corresponding to loss of each of the

1) carbonyls. Repeated attempts at obtaining satisfactory elemental analyses
failed. We subsequently discovered that silica gel enhances the rate of
decomposition of these clusters and mayv explain why repeated chroma-

tography on Slo2 did not yield pure products.
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Attempted Preparation of HCoOs (€0), .. We expected that HCoOns(CO)lj
would result from the addition of xlcO(co)G) to Oas(CO)12 followed by
protonation. However, we were unable to isolate any of the desired
cluster following attempts to synthesize it directly, even though the

reaction conditions were varied considerably. Only 033(60) H20.6(C0)

12? 3
"60‘6(C0)12' and Co‘(CNO)12 vere isolated following the usual chromatographic
separation of the protonated reaction mixtures. In a single experiment

in which the reaction mixture resulting from the addition of K(Co(CO)él

to the Ru3-. Ruzou-. Ranz-. and 013((:0)12 trimer mixture was separated

by ultra-high speed liquid chro-nogrnphy12 we did isolate a very small
amount of a yellow solid which eluted after HCoRuOcz(CO)XJ‘ This material
wvas shown to be HCoOBJ(CO)13 by its mass spectrum, Table C, IR data for
the compound are given in Table V, but insufficient material could be
isolated for further characterization. Apparently HCoOaa(CO)13 is formed
in the attempted syntheses, but it must be inherently unstable and like
HCOIIuOsz(CO)13 and HCoRuZOs(CO)ll. its decomposition may be accelerated

by $10,.

Preparation of [PPN][CoFe,(C0), ,]. The anion [CoFej(CO)lzl- has

been mentioned by Chini and Heltonz but no preparative details were given.
In our hands, black air-stable crystals of [PPN)[CoPQJ(CO)ljl resulted in
182 yield from the reaction of lPPN]ICo(CO)‘] with ?03(C0)12 in THF

solution at room temperature, eq. 5.

- 23%C. 22 h -
[Co(CO)‘] 2 '.J(CO)IZ--_-*E?--’ lCoF¢3(C0)12] (18%) (5)

Attempted Preparation of HCoFe,(C0) ;. Although the [Con3(CO)131-

anion appears to be quite stable, we have not been able to prepare

HCoVel(Co)l3. We attempted to synthesize NCol"e:(CO)13 by allowing KlCo(CD)‘l

;2
|
¥
j
|
!
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to react with Pe3(C0)12 followed by protonation with H3P0‘. A rapid green
to red color change ensued when these reactants were refluxed in THF for

3 h, indicating that the desired reaction occurred (see above). However,

13
12°

acidified solution. The same product mixture resulted when the reaction

only 793(C0)12. uCo3Pe(CO) and Col‘(co)12 were isolated from the
mixture was maintained at 40°C for 3 h instead of at reflux as above,

and when K[Co(CO)‘] was added to Fe3(C0)12. the reverse of the usual
order of reagent addition. Attempts to form HCol'CJ(CO)13 via protonation

of (PPN](CoFe3(CO)13] with H3PO‘ also failed.

Attempted Preparation of "COEsZRvLEQll3“9"d HCoFeRuzjcozl3. We

attempted to prepare the unknown H(Tu}‘ezku(co)U and HCoFeRuz(CO)13
clusters by the addition of KlCo(CO)‘) to Feznu(CO)lz and Feluz(co)lz but
without success. Reaction of KlCo(CO)‘] with Pezllu(CO)12 gave Co‘(CO)12
and HCo)Ru(CO)lzl' as the principle products. Reaction of KlCo(CO)bl
with FeRuz(CO)lz gave Ru3(CO)‘2. Coé(cn)lz and HCoRuJ(CO)IJ.

Preparation of [PPN][CoFezkuQCQ)lll lndAj??ﬂijoFeRusz0213l. Impure

samples of these clusters were obtained from the respective reactions of

[PPN][Co(CD)‘] with Fczku(CO)lz and FeRuz(CO)lz, eq. 6 and 7.

[PPN][Co(CO), ] + Fe,Ru(CO) , —LBy [ppN] [CoFe,Ru(CO) ] (162) (6)

4, 1.5 h
IPPN][CO(CO)‘) + Fckuz(CO)lz-—-Liii-—-¢ [P?R][Co?clu2(00)13] (L72)(7)

The crude reaction products were recrystallized from !tzolhcxanc to give the

ylelds of crystalline material shown above. These clusters were principally

characterized by infrared spectroscopy and by comparison of their spectral

data to the other clusters described herein. Repeated attempts to obtain

satisfactory elemental analyses for these compounds failed, but as
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illustrated by the data given in the Experimental section, Fe and Ru were
present in each case and in near the expected ratio for lPPNl[CoFeRuz(CO)ljl.
Anionic clusters such as these do not exhibit well-behaved

chromatographic properties, and we have been unable to purify them by
chromatography or by fractional crystallization.

Crystal Structure of [PPNI[CoRn}ngllil. The crystal structure of

(PPNllCoRn3(C0)131 shows that the compound consists of discrete cations
and anions with the latter having a tetrahedral arrangement of metal atoms
as shown in Figure 1. The three Ru-Ru distances are nearly equal (2.824,
2.828, 2.835 1) as are the three Co-Ru distances (2.611, 2.612, 2.631 R).
Each Ru bears three terminal carbonyl ligands, the Co has one terminal
carbonyl, and three carbonyls bridge the three Co-Ru bonds. The latter
appear to be full-bridging carbonyls, rather than semi-bridging, as
evidenced by the near-equivalence of the Co-C-0 (140-142°) and Ru-C-0
(141-143°) bond angles. In the isoelectronic HzFeRu3(CO)13 cluster which
possesses two semibridging carbonyls across Fe-Ru bonds, the Ru-C-0
angles (120-124°) and the Fe-C-O angles (145-156°) differ markedly.l®
Furthermore, the Ru-Cy ., - bond lengths (2.15-2.17 X) in [PPN]
[CquJ(CO)IJI are significantly shortcr than those in HZFeRus(CO)13
(2.23-2.32 k), even though the Co-Ru (2.611-2.631 X) and the Fe-Ru
(2.619-2.700 R) bond lengths in the two clusters are comparable.
Application of the usual simple electron counting schemes shows that
this cluster has the requisite 60 valence electrons expected for a tetra-

10 Furthermore, since the three bridging carbonyls appear

hedral structure.
to be equally shared by the three Ru's and the Co, the negative charge of

the cluster should be localized on Co in order to give this metal the
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required 18 electrons. The PPN cation is bent (3 PPN = 140.0°) and
shows no unusual structural features.

This is the only tetranuclear cluster which has been shown to possess
three bridging CO's all attached to the same metal atom. The highest
symmetry that such a cluster could possess is C3v if each of the three
bridging CO's and the metal atoms which they bridge were to lie in one of
the three mirror planes. The terminal carbonyl ligands in such a structure
would likely be disposed so that each would be approximately trans to one
of the metal-metal bonds. However, the ICoRu3(C0)13]“ anion does not
adopt this structure. Instead, as illustrated in Figure 1, the three

bridging CO's are arranged in a staggered fashion about the Co atom and each

lies nearly within one of the planes defining the three CoRu2 faces; the
cbridging atoms deviate from these planes by 0.23 X (CZ)' 0.09 X (C3)' and
0.10 R (C‘). The three Ru(CO)3 units are rotated so that the terminal
carbonyls are not trans to the M-M bonds but rather the carbonyls are
arranged in positions that apparently minimize steric interactions. Ome
terminal carbonyl on each Ru actually lies above the Ru3 plane. Even
8o, the cluster still possesses a puudo-c3 rotation axis and thus
approximates C3 symmetry.

Further inspection of the structure of lCoRu3(C0)l3)- shows that the
anion is chiral. This is best illustrated in the diagram below which shows

e |




18

the metal framework and the disposition of the three bridging CO's. The
enantiomer on the left, A, which is the one depicted in Figures 1 and 2, is
clearly not superimposable on its mirror image, B. Because of the centro-
symmetric nature of the crystal, space group Pl, both enantiomers are
present in the unit cell. The interesting possibility is raised that these
enantiomers may be separable, although cluster fluxional processes could
lead to ready racemization. The variable temperature 13c NMR properties

of this cluster are under study and will be the subject of a future

report.




——
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Discussion

Synthesis. The basic reaction approach employed in this study for the
synthesis of tetranuclear clusters i{s the addition of a carbonylmetalate to
a closed metal carbonyl trimer. The rcactions examined and the resultant
products are summarized in Scheme I. The principal products are indicated
with an asterisk, and specific yields are given in the Experimental Section.
Tetranuclear clusters with the desired metal framework were produced when
[Co(CO)él- was allowed to react with rej(co)lz. Fezku(co)lz. FoRuz(CO)lz.
Rn3(C0)lz. RuzOl(CO)12 and RuOlz(CO)lz. Several of the clusters apparently
decompose following protonation and could only be isolated as anions.

The mechanism by which a tetrahedral cluster results from the addition
of a carbonylmetalate to a metal trimer is obviously complex and has been

1,17 Basically, we suggest that

discussed in detail in previous publications.
in the examples discussed herein, the nucleophilic [Co(CO)al- initially

attacks the electropositive carbon of a bound carbon monoxide. Elimination

of carbon monoxide with concomitant metal-metal bond formation would then yield
a tetramer with structure 1. Subsequent closure by nucleophilic attack at the

other metal atoms with consequent elimination of carbon monoxide would lead

through 2 to a closed tetrahedral cluster 3.

| A u
e S
M M u:.\._..u M =M
\"/ \“ \n/
1 2 3
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In the mechanism described above, it is apparent that a crucial step
involves formation of the first metal-metal bond. Two factors appear
important in influencing the probability of occurrence of this first
addition. The initial attack on the carbonyl carbon should depend on the
nucleophilicity of the carbonylmetalate¢. In a comparative study of the
relative nucleophilicities of a series of carbonylmetalates, (Co(CO)bl-
was determined to be the least nucleophilic of those exanined}a However,
the successful synthesis of the clusters reported herein clearly indicates
that the low nucleophilicity of [Co(CO)‘]- is not a limiting factor in
syntheses of this type.

The second important factor which influences the probability of success
in using this synthetic approach is the metal-carbonyl bond strength of the
trimer. In forming the first metal-mctal bond to reach structure 1, one
trimer-CO bond must be replaced by a metal-metal bond (M-M'). The
stronger the M-CO bond of the trimer is, the more difficult it will be
to substitute CO by [Co(CO)‘]°. Microcalorimetric measurements have
given the orderingz of the M-CO bond strengthsin the Hs(co)12 trimers as
08-CO > Ru=CO > re-CO}9'§%e relative strength of the 0s-CO bond may account
for our inability to produce isolable quantities of HCoOs,(CO),, using this
synthetic approach. As noted prcviously.l it appears that the order of trimer
reactivity towards [M(C0),]"" (M = Fe, Co) addition is Fe,(C0),, > Ru,(C0),, >
003(C0)12. in accord with the M-CO bond strengths.

A further complicating feature in syntheses which employ carbonyl-
metalates is the tendency of the carbonylmetalate to reduce and fragment the

metal carbonyl tri..r.l'zl

In all the reactions which employed ch(OO)lz.
Pczlu(CO)lz, and Polnz(co)lz. some 'Q(CO)S wvas detected during work-up of

the reaction mixtures. The latter likely arises through fragmentation




to give '.(CO)‘ which subsequently scavenges CO released during the course
of the reaction. Such fragmentation and resultant scrambling of the metals

in the syntheses employing Fe,Ru(CO),., and FeRu,(CO) , may account for our
2 12 2 12
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inability to obtain analytically pure samples of [PPN][CoFeRuz(C0)13] and

IPPN][CoPozln(CO)l3]. Chtnlz has written the balanced eq. 8 for his

independent preparation of (CO?GJ(CO)ljl-. If we assume that the given

stoichiometry is accurate it implies that this and perhaps the other

syntheses reported herein are more complex in mechanism than we huve

assumed.

- 25%5% -
2Fe3(c0)12 + lCo(OO)A) ‘—.n".—') [COFQ3(C0)13] + 3Fe(C0)s

Characterization. 1. lPPN][CoRu3500)131. This cluster was

unambigously characterized by determining its structure by X-ray

(8)

diffraction. The details of the structure are discussed earlier in this

report with the important features shown in Figures 1-3.

of the cluster is shown in Figure 4, and the IR data is summarized in

The IR spectrum

Table V. As expected on the basis of its structure, the anion shows both

terminal and bridging v_.. bands.

co

Two bands at 1823 w and 1794 m cm

are present in the bridging Veo region, consistent with the near C3

symmetry of the cluster; two bands of A and E symmetries are expected,

with the usual pattern of the higher energy, A band being less intense

than the lower energy E band.22

2. |PPNJ[CoFe (CO) ], [PPN]LCobe Ru(C0), ], and [PPN][CoFeRu,(C0) ).

i

These clusters were characterized by their spectral data, Table V, and by

chemical analysis, although neither of the latter two clusters could be

obtained pure. Consideration of the possible structures of these clusters

raises an interesting question.

Do they adopt structures similar to




that of lCoRu3(CO)13I-. or rather do they resemble the structure of

(urem.}(oo)lsl' with which they also are isoelectronic and which has the

structure shown in 523 with two bridging CO's. The latter is structurally

\ /
Fe
: CO Ru p—
:/-1-37’\
\. '
Ru/ '
a \\\\\\\\ '
\ )
/‘\
4
related to HZFeRuJ(CO)1315 from which it can be derived by deprotonatior
with KH.23 [PPN]lCoFcRuz(CO)l]l fllustrates this dilemma particularly

well since it can be viewed as deriving from [CoRu3(CO)l3l- by substitution
of Fe for one Ru or alternately from [NFeRuz(CO)13]- by replacement of an
HRu unit by Co. Unfortunately, IR spectroscopy does not allow a differentia-

13'
and [HPeRu3(C0)13]- are not sufficiently different, Figure 3. The question

tion between these two basic structures since the IR spectra of lCoRuJ(CD)

of the structures of these three anionic clusters will have t, be left
unanswered until resolution by X-ray diffraction or perhaps by careful

¢ oR studies.

nConujgcozlj, nConuIOsgcozlJ, nCoggggzgoozla, and HO.,SCOQIJ. Mass
spectral data for these three clusters, Table C, strongly supports the

formulations given. The spectrum of each cluster exhibits the parent ion
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followed by ions corresponding to successive loss of carbonyls and the
hydrogen ligand, and a fragment consisting of only the tetrametallic
framework is prominent in each spectrum. The isotopic distributions of
the parent ions of HCoRul(C0)13. HCoRuZOs(CO)13. and HColluOnz(CO)13 agrees
well with those calculated from isotopic abundances, but the parent ion of
HCoOal(CO)13 was not resolved well enough to allow comparison. The
similarity of the infrared and electronic absorption spectra of these
clusters, Table V, suggests similar structures for the four derivatives.
The spectral blue shift in their electronic absorption spectra as the Os
content increases is similar to that observed in the HzFeRu3(00)13,
HZPQRuZOO(CO)ls. and HzPeRuOsz(CO)13 serle-.l consistent with the notion
that the electronic transitions are between orbitals involved in the
i metal-metal bonding and that the strength of the overall M-M bonding
increases with increasing Os content,

The H

FeRuZOQ(CO)13 and H FeRuOn.,(CO)13 clusters previously studied

2 2
were shown to exist as a mixture of two isomeric forms which readily

lnterconvert.l'z6 In the static lﬂ NMR spectra of each of the Fe-Ru-Os

clusters, separate resonances due to cach isomer were clearly apparent.

Likewise, the bridging CO region of the IR spectrum of each cluster showed

a total of four bands, with two arising from each of the two isomers. In
contrast, HCoRuzOs(CO)13 and HCoRuO.z(CO)13 show no evidence for isomers )

in their IR spectra, and each displays only a temperature invariant

(-80° + 30°C) singlet in the metal hydride region of their 'H NMR spectra, e
Table VI,

Based on the insight gained from the crystal structure of [PPN] ;

ICoRuJ(CO)lsl. we suggest that the new clusters HCoRu3(C0)13. HCoRuZOu(OO)lj.

and HCoRuOsz(CD)lJ. and HCoOaJ(CO)13 have the basic structure shown in 5,
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with three bridging CO's and with the hydride ligand triply-bridging the

triangular face opposite the Co atom.

No isomers, of course, can be drawn for such structures for HCoRu Os(CO)13

2

and HCoRuOsz(CO) in full accord with their infrared and IH NMR spectra.

& g

Further evidence that the hydride ligands are associated with the Ru10n3_‘

triangles comes from comparison of the 1H NMR chemical shifts within the
series HCoRuJ(C0)13. HCoRuZOs(C0)13. and HCoRuOsz(C0)13. As the Os
content of the cluster increases, the hydride resonances show an upfield

shift of exactly the same magnitude, Table VI, as seen for the H FeRu3(C0)

2 13°

Hzfclu20¢(co)13. and Hzl’eRuOuz(Co)l3 series in which the hydride ligands

are clearly bound to the RuxOs portion of the cluster. The lack of

3~x
significant broadening of the hydride resonances also supports our
contention that the hydride ligand is not associated with Co (1 = 7/2)

but rather with the Rqu-J__,t triangle. Solution instability of these
neutral ~lusters has prevented isolation of crystals suitable for crystal-

lographic study, but the basic structure 5 is fully consistent with the

available spectroscopic data.
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Table 1. Data for the X-ray Diffraction Study of (PYN][CoRuJ(C0)13]

Crystal Parameters

crystal system: triclinic Vo= 2489(4) x3 %
space group: Pl temp = 23°C ;
a=9.783(5) A Z=2 i
b = 14.768(5) A mol wt = 1264.88 &
c = 18.675(5) x calcd density = 1.688 g c--3 &
a = 110.39(3)° obsd density = 1.700 g cm >
8 = 99.02(4)°
Y = 91.44(4)°

i

Measurement of Intensity Data
radiation: MoKa () 0.71073)
monochromator: graphite crystal
reflections measured: +h, +k, +1 H
max 26 = 50.0°
min 26 = 0°
scan type: 0-20 é
scan speed: variable, see text §
reflections collected: 8964 unique reflections; 6150 observed above i
3Jo(I) level

standard reflections: 3 measured every 2 hrs (V185 reflections); there

wvas no significant decay over the course of the
data collection.
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Ce 0.2150(%)  ~0.0007(4) 0.8073(3)  0.010%¢ &) 0.0048(3) 0.0020(2) -0.0004( 7) 0.0031¢ %) 0.0008(3)
c2r 0.0%3¥(ar ~0.00° 210 0.8 0.00%1¢C &) 00,0070 0.0043(2) -~0.0024( ) 0.0019( &) 0.0020(0)
e 0.0031(2) ~0.00Y(Y) 0. %AV 0.012% &) 0.00%(%) 0.00%(3) ~0.00%4(10) 0.0020¢( §) 0.0024¢8)
c2 0.047017)  -0.3448(3)  0.3133(4)  0.0182(10) 0.007814) 0.00%8(3) -0.0067(11) 0.0035¢ ¥) 0.0004(s)
cx 0. 18%4(8) -0.18% (% 0.%0v5(M 0.020% 11 0. 0071(M) 0.0072(4) ~0,005%(12) 0.00%0(10) -0.00%51(?)
cn 0.2802317)  ~0.000a() 0.9557¢4) 0.0170¢ %) 0.0080(Q) 0.0055(3) -0.0027%(11) 0.0047¢ 9) -0.0024t8)
(S N 0.431I7(%) 0.2%7va())  O.8¥I12(2)  0.00%a( &) 0.004B(2)  0.0026(1) 0.0024¢ #) 0.0024¢ 3) 0.002%(3)
£y 0.4%1868)  0.298314) 0.¥I2V(1)  0.0142¢ 71 0.0073(3)  0.0027(])  0.w0OT( ¥) 0.0032¢( &) 0.0024(0)
+ Cle 0.%4% 8 0. 3a%al ) 1.0188 () 0.0138¢ By 0,008 (@) 0.0030(2) 0.0007(10) 0.0010¢ 7) 0.0001(%)
c» 0.8203i 8 o.ut%0i 0 o.vRuN)) 0.0133¢ 7)) 0.0048()) 0.003%( ) 0.0004( #) 0.0021¢ 7) 0.0020(4)
Cle 0.4043(8) 0. 3044 2.90%343)  0.0128( 7) 0.006%(3) 0.0038(2) -0.0029( ) 0.0014( &) 0.0023(0)
€y 0.%3124/% 0.30% 18 0. 980 0.0313¢ &) 0,003 M) 0.003 () 0.0001¢ 7) 0.0033¢C 3) 0.0026(3
58 L] O . 3812ty 0.0%52¢ 0 O.8evai 0.013¢ &) 0.008%()) 0.0000(2» 0.0042¢ 7) 0.0072¢ %) 0.0080(3)
[} ] O.2a801(7) V.51 0. MO Q0.01%%¢ 8 0. .00e%()) 0.00av () 0.0041¢( 8) 0.0107¢ 7) 0.00%1(0)
e 0.3021t7)  ~0.110%8) RN AR 0.0209(10) Q.00 M 0.0100( 0.00v0¢10) 0.0122¢ ) 0.0104(%)
cey 0.4247¢(8)  “O.17I0(%)  0.0%N(4) 0.0T4%(11)  0.00%8(4)  0.00%4(X)  0.0110(11) 0.01%4¢(10) 0.0093(%)
ta 0. LM 0. 04 . ia 0.07A1€10)  C.010000) 0.0071() 0.010%(11) 0.0097¢ %) 0.008V(%)
cay O.ea%0(M 0. .0avhiay 0. N2 .01 &) V. .00%)) 0.0047 () 0.0116( %) 0.00a1¢ 7)) 0.0071¢(Q)
Cee .17 Q.10 ) RS Y T 0.00% 0 %) S.000M D) 0.00241 1) 0.0003¢ &) 0.0023¢ 3) 0.0016))
caes 0. 1080681 0.14%0(4)  0.%1841  Q.01X%¢ A} 0.0083(3)  0.0038(2)  0.0044( §) 0.00s4( ) 0.0008(})
Cas “0.018008 .17 0.%e%0) 0.01%3¢ 7y 0.0000 (M) 0.0042(2) 0.0042¢ #) 0.0074( &) 0.0042¢(0)
cer “0.100%(8) 0. 22974 o.% 1T 0.0113¢0 &) 00020 0.00e00( 0.001%( #) 0.00%3( &) 0.0027(4»
cen “0.0824(8) O0.2488(0 0.BaY() 0.011%¢ 7)1 0.00%1(8)  0.00%0(2) 0.0044( %) 0.00%0( &) 0.00%0(0)
Cer 0.041515) 0.2431(4)  0.BIBA())  O0.0108( &) 0.00%37(3)  0.003%(2)  0.0040( 7) 0.0032: &) 0.00401())
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Table III. Selected Bond Distances (i) in (PPN] [CoRu,(C0) 5]

Rul-Ru2
Rul-Ru3
Ru2-Rul
Rul-Co
Ru2-Co
Ru3-Co
Co-Cl
Co-C2
Co-C3
Co-C4
Rul-C4
Rul-C5
Rul-C6
Rul-C7
Ru2-C3
Ru2-C8
Ru2-C9
Ru2-C10
Ru3-Cé4
Ru3-Cl1
Ru3-C12

2.

2.

2

2.

1

2.
1.
l.

l.

835(1)

828(1)

.824(1)

631(1)

.612(1)
.611(1)
.743(5)
.856(4)
.861(4)
.850(4)
.151(4)
.902(4)
.885(5)
.904(5)
.170(4)
.876(5)
.908(5)

.921(5)

172(4)
889(4)
904(5)

919(4)

C1-01
C2-02
C3-03
C4-04
C5-05
C6-06
c7-07
Cc8-08
C9-09
C10-010
Cl11-011
C12-012

C13-013

N-P1

N-P2

P1-Cl4
P1-C20
P1-C26
P2-C32
P2-C38

1.131(5)
1.170(4)
1.154(4)
1.158(4)
1.135(5)
1.129(5)
1.138(5)
1.134(5)
1.136(5)
1.111(5)
1.139(5)
1.117(4)

1.120(4)

1.579(3)
1.578(3)
1.810(4)
1.797(4)
1.795(3)
1.784(4)
1.804(4)
1.792(3)
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Table IV.

Rul-Ru2-Rul
Rul~-Ru3-Ru2
Ru2-Rul-Rujl
Rul-Co-Ru2
Rul-Co-Ru3
Ru2-Co-Rul
Co-Rul-Ru2
Co-Rul-Ru3
Co-Ru2-Rul
Co-Ru2-Rul
Co-Ru3-Rul
Co-Ru3-Ru2
Co-C2-02
Rul-C2-02
Co-C3-03
Ru2-C3-03
Co-C4-04
Ru3-C4-04
Ru2-Rul-C5
Ru2-Rul-Cé
Ru2-Rul-C?7
Ru3-Rul-C5
Ru3-Rul-Cé
Rul-Rul-C7
Co-Rul -C5
Co-Rul-Cé
Co-Rul-C?7
Rul-Ru2-C8
Rul-Ru2-C9
Rul-Ru2-C10
Ru3l-Ru2-C8

Selected Bond Angles (deg) in LPPN11C°R“3SCOEIJI

60.0(1)
60.2(1)
59.8(1)
65.5(1)
65.3(1)
65.5(1)
57.0(1)
57.0(1)
57.3(1)
57.6(1)
57.7(1)
57.3(1)
140.9(4)
137.4(3)
143.2(4)
136.4(3)
142.6(3)
136.9(3)
156.1(1)
105.3(1)
73.1(1)
101.7Q1)
154.6(1)
101.0(2)
128.2(1)
97.9(2)
130.0(1)
158.3(2)
96.7(1)
102.8(1)
104.4(2)

Ru3-Ru2-C9
Ru3-Ru2-C10
Co-Ru2-C8
Co-Ru2-C9
Co-Ru2-C10
Rul-Ru3-Cl1
Rul-Ru3-C12
Rul-Ru3-C13
Ru2-Ru3-Cl1
Ru2-Ru3-C12
Ru2-Ru3-Cl3
Co-Ru3-Cl1
Co-Ru3-Cl12
Co-Ru3-Cl13
Rul-Co-Cl
Ru2-Co~-Cl
Ru3-Co-Cl
Ru3l-Rul-C2
Rul=-Ru2-C3
Ru2-Ru3-Cé
Co-C1-01
Rul-C5-05
Rul-C6-06
Rul-C7-07
Ru2-C8-08
Ru2-C9-09
Ru2-C10-010
Ru3-C11-011
Ru3-C12-012
Ru3-C13-013

P1-N-P2

73.0(1)
157.8(2)
101.9(1)
130.2(1)
127.9(1)
106.8(1)
154.2(1)

70.5(1)
159.3(1)

99.1(1)

96.4(1)
102.5(1)
126.5(1)
128.1(1)
138.4(2)
143.2(2)

142.5(2)
72.1(1)
76.1(1)
75.4(1)

179.1(5)

178.4(4)

178.4(5)

171.6(4)

179.3(5)

173.4(4)

176.5(5)

178.9(5)

178.2(4)

169.6(4)

140.0(2)
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Table VI. 'H MR Spectral Data®
Cluster § (ppm) Cluster § (ppm)
o b
BColus(CO)13 17.8 ﬂzlclus(CO)13 -18.4
o & b,c
l!Colnzon(CO)13 18.5 BZPQIHZOI(C0)13 19.1
= % b,c
BOONO.Z (co) 13 19.1 I'lchanlz (00)13 19.77*

.N.aaurtd in CDCI3 solutions.
bl.f. 24, 25.

cAvcr.;c of three different hydrogen environments: HyFeRu08(C0))3
(-18.97, -19.11, -19.19), Rzl’eRumz(Oo)13 (-19.55, -19.67, -19.82).




Scheme I

+
K[CO(OO)‘] H
Y

oyt < (PPN (Co(CO), )

v

KlCo(c0),] '

thm(CO)lz < (PPN] (Co(CO)‘l

-

+

(PPN] [Co(CO) ]

-~

K(Co(CO),] H
FeRu, (C0) , <
KiCo(c0),] W'

Sy < (PPN] [Co(CO) )

v

>
7

35

ureCoJ(oo)n*. Co‘(OO)u

[PPN][Coch(CO) l’e(CO)s

13].'
Co, (C0) } ,*, HCo,Ru(CO),,

a
(PPN] (CoFQZRu(CO)L.’]*. FC(CO)S

Ru,(C0),,*

12%» €0, (C0),,, HCoRu,(CO),,

[PPN) [CoFeRu, (CO) | ,]*, Fe(CO) "

H00m3(CO) w

13" HyRu, (CO), 4

(Pmllmmz,(oo)ul*‘

4
Ru,08(C0),, + K(Co(CO)‘ILHCoRuZOS(CO)n. Co, (CO),,*, H,0s,(CO),,

+
RuOs, (CO) , + K[Co(CO)‘]LHCoRuOsz(OO)n. Co, (C0), ,*.H,0s,(CO),,

+
08,(C0),, + x(co(oo)‘).l.,uzo.‘(cmu. H,0s,(C0),,, Co,(CO), ,*&

*Principal product.

%Plus unidentified products.




Figure Captions

Figure 1. Structure of the [Colnj(C0)13l° anion showing the atom
numbering scheme. Thermal ellipsoids are drawn at the 20X
probability level. The terminal carbonyl (Cl.Ol) attached

to Co is omitted for clarity (see Figure 2).

Figure 2. Stereoscopic view of ICoRuj(Co)l3]-.

Figure 3. Comparison of the infrared spectra of [PPN][CoRu3(00)13]

( ) and !mnurolu,(oo)nl (=---) in THF solution.




prr—

Table C. Mass Spectral Data

Parent ion isotopic distribution

(rel. intensity)

Principal Ions®

(rel. intensity)

BCoRu3(CO)13 736(11), 735(15), 734(37),
733(33), 732(67), 731(74),
730(93), 729(100), 728(96),
727(93), 726(93), 725(78),
724(59), 723(48), 722(44),
721(26), 720(15), 719(19),
718(19), 717(11)

llCoRuzol(CO)13 828(13), 826(21), 825(15),
824(25), 823(21), B822(63),
821(25), 820(83), 819(88),
818(96), 817(100), 816(88),
815(67), 814(58), 813(42),
812(33), 811(21), 810(17),
809(13), 808(8), 807(4)

HCquOsz(CO)13 919(15), 914(31), 913(23),
912(77), 911(62), 910(38),
909(100), 908(100), 907(92),
906(77), 905(69), 904(62),
903(46), 902(31), 901(23),
900(23), 899(15)

996b
886(42), 885(14), 884(8S5),
883(60), 882(100), 881(78),
880(92), 879(68), 878(57),
877(39), 876(28), 875(17)

HCoOs , (CO)

3 13

729(18), 701(19), 673(36),
645(13), 617(32), 587(100),
561(49), 533(59), 505(41),
479(44), 449(44), 421(45),
393(42), 365(68)

817(8), 789(8), 761(14),
733(20), 705(34), 677(37),
649(22), 621(62), 593(100),
565(57), 537(80), 509(65),
481(62), 453(48)

908(8), 880(12), 852(60),
824(17), 796(54), 766(100),
738(88), 710(100}, 682(59),
654 (48), 626(52), 598(44),
570(40), 542(48)

994 (<5), 966(<5), 938(5),
910(<5), 882(82), 754(100),
725(52), 797(58), 769(70),
741(58), 713(58), 685(47),
657(52), 629(58)

*Mass position given is taken from peak of greatest intensity in the

isotopic envelope.

b
Parent ion very weak; isotopic distribution taken from parent minus &4 CO.




Or. R. M. Grimes

University of Virginia

Department of Chemistry
Charlottesville, Virginia 22901 1

Dr. M. Tsutsuf
Texas ABM University
rtment of Chemistry
College Station, Texas 77843 1

Dr. C. Quicksall

Georgetown University

Department of Chemistry

37th & 0 Streets

Washington, D.C. 20007 1

Or. M. F. Hawthorne

University of Cali€ornia
Department of Chemistry

Los Angeles, California 90024 1

Dr. D. B. Brown
- University of Vermont
Pegartment of Chemistry
. flington, Vermont 05401 1

Dr. W. B. Fox
Naval Research Laboratory
Chemistry Division

Code 6130

. Washington, D.C. 20375 ]
Dr. J. Adcock
University of Tennessee
Department of Chemistry
Knoxville, Tennessee 37916 ]
Or. A. Cowley

University of Texas
Department of Chemistry
Austin, Texas 78712 ]

TECHNICAL REPORT DISTRIBUTION LIST
No. Copies

Or. W. Hatfield
University of North Carolina
Oepartment of Chemistry

Chapel Hi11, North Carolina 27514 1

Dr. D. Seyferth

Massachusetts Institute of Techmology
Department of Chemistry

Cambridge, Massachusetts 02139 1

Dr. M. H. Chisholm
Princeton University
Department of Chemistry
Princeton, New Jersey 08540

Dr. B. Foxman

Brandeis University
Department of Chemistry
Waltham, Massachusetts 02154

Or. T. Marks
Northwestern University
Department of Chamistry
Evanston, I11inois 60201

Or. J. Zuckarman

University of Oklahoma
Department of Chemistry
Norman, Oklahoma 73019

sl 8 " L




TECHNICAL REPORT DISTRIBUTION LIST

No. Copies
Office of Naval Research
Arlington, Virginfa 22217
Attn: Code 472 2

B s an
e At reesissansolie

ONR Branch Office
536 S. Clark Street
Chicago, I11inois 60605

Attn: Dr. Jerry Smith 1
ONR Branch Office

715 Broadway

New York, New York 10003

Attn: Scientific Dept. ]

ONR Branch Office
1030 East Green Street
- Pasadena, California 91106
v: Dr. R. J. Marcus 1

ONR Branch Office

760 Market Street, Rm. 447

San Francisco, California 94102
Attn: DOr. P. A. Miller 1

ONR Branch Office

666 Summer Street

Boston, Massachusetts 02210

Attn: DOr. L. H. Peebles 1

Director, Naval Research Laboratory
Washington, D.C. 20390
Attn: Code 6100 1

The Asst. Secretary of the Navy (R&D)
Department of the Navy

Room 4E£736, Pentagon

Washington, D.C. 20350 1

Commander, Naval Air Systems Command
Department of the Navy
Washington, D.C. 20360

~ A}_tn: Code 310C (M. Rosenwasser) 1

Defense Documentation Center
Building 5, Cameron Station |
Alexandria, Virginia 22314 12

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, N.C. 27709
Attn: CRD-AA-IP 1

Naval Ocean Systems Center
San Dieqo, California 92152
Attn: Mr, Joe McCartney 1

Naval Weapons Center
China Lake, California 93555
Attn: Head, Chemistry Division 1

Naval Civi) Engineering Laboratory
Port Hueneme, Californfa 93041
Attn: Mr. W. S. Haynes 1

Professor 0. Heinz

Department of Physics &4 Chemistry

Naval Postgraduate School

Monterey, California 93940 1

Dr. A. L. Slafkosky
Scientific Advisor
Commandant of the Marine Corps (Code lln-l
Washington, D.C. 20380 1

oI i kit

Office of Naval Research
Arlington, Virginia 22217
Attn: DOr. Richard S. Miller 1

ONR

Resident Representative ‘
Room 407-MMCC A
Carnegie-Mellon University o
Pittsburgh, Pennsylvania i




